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In a previous study of the human anterior tibial nerve (Swallow, 1966) , it was concluded that 'the wide range of variation found in young as well as old subjects would seem to limit the usefulness of anterior tibial nerve biopsy as a diagnostic procedure in patients with generalized neurological disease.
The present work was undertaken to establish the range of variation in the fibre size and content of the sural and radial nerves, and to assess their suitability for diagnostic biopsy.
MATERIALS AND METHODS
Specimens of radial and sural nerves were taken at necropsy from subjects without evidence of peripheral nerve disease. The age, sex, and cause of death in each case are shown in Table I .
The radial nerve was exposed on the lateral side of the wrist where it overlies the head of the radius. At this level some branching had already occurred, the nerve consisting of-one main branch with one or more smaller branches accompanying it. Only the main branch was taken for study. Specimens were obtained from 21 cases, nerves being taken from both wrists in six subjects; in all, 27 radial nerves were examined.
The sural nerve was exposed behind the lateral mnalleolus. In three cases a single nerve trunk was present at this level, but in the remainder some branching had occurred; the largest branch was then taken for study. Specimens were obtained from 23 cases, nerves being taken from both ankles in four patients; in all, 27 sural nerves were examined.
About 1 cm of each nerve was removed; the specimen was gently stretched over a small piece of card, to which the ends were made to adhere by light pressure. Mounting under slight tension ensured. that the nerve remained straight during the subsequent preparation. After mounting, the specimens were placed immediately into Flemming's solution at room temperature for 18 to 24 hr. They were then dehydrated in alcohol and embedded in paraffin. Sections 5 s thick were cut and stained with Kultschitzky's haematoxylin, as described by Gutmann and Sanders (1943) . They were then dehydrated, cleared, and mounted. ' Overseas Scholar, Royal Australasian College of Physicians. 'Present address: Royal Victoria Hospital, Grosvenor Road, Belfast. Swallow (1966) and indicate that the anterior tibial nerves were also studied in these patients.
All sections were photographed at a magnification of x 250 on a Zeiss Ultraphot 11 Camera-microscope using 9 x 12 cm Ilford panchromatic plates. Enlargements were made onto bromide paper and two sets of prints were made.
(a) All sections were printed at a magnification of x 500 for the estimation of fibre density. 464 (b) Selected nerves were enlarged to x 1,000 for the measurement of fibre diameter. During the process of enlarging, magnification was checked regularly using a plate on which the micrometer scale had been photographed.
Details of the method of fibre counting, of the measurement of fascicular area, and of the construction of histograms are given by Swallow (1966 Ranking test, the inverse relationship between fibre density and age was significant at the 0-01 probability level for the radial nerve, and the 0-05 probability level for the sural nerve (for the radial '______________ _ nerves R = 0-56; for the sural nerves R = 0-43). fbre density (thousand fibres/sq. mm) of indi-males and females were calculated, there was no iles of the radial nerve (a) and the sural significant difference between them in either the dlotted against the subject's age. Values for radial or the sural nerve (Table II) . scicles of the same nerve are joined by a line. The mean figure for fibre density for various age 1966) are added to those of the present study, there were six subjects from whom both the anterior tibial and the sural nerve were taken (see Table I ). Fibre diameter measurements were made on one or more large fascicles, measuring between 600 and 1,000 fibres in each case.
In both the radial and the sural nerve there was a bimodal distribution of fibre diameter with peaks at 3-6 Ht and 9-13 1t. An example is shown in Figure 4c .
In a previous study on the anterior tibial nerve, it was found that the proportion of large myelinated fibres tended to decrease with increasing age, the inverse relationship between the proportion of large fibres and the subject's age being significant at the 5 % level by Spearman's Ranking test (Swallow, 1966) . In the present material the proportion of large fibres (9-13 ,t inclusive) for the radial nerve showed no significant decrease with increasing age, whereas for the sural nerve, the inverse relationship between the proportion of large fibres and the subject's age was significant at the 0-05 probability (R= 0 49). Results for individual nerves are given in the appendices.
FIBRE DENSITY AND FIBRE DIAMETER IN PATHOLOGICAL
NERVES The effects of subacute combined degeneration and alcoholic neuropathy on fibre density and fibre diameter in the anterior tibial nerve were originally described by Greenfield and Carmichael (1935) . Subsequently Garven, Gairns, and Smith (1962) She was admitted to the Middlesex Hospital under the care of Dr. Michael Kremer in November 1963. Although she had received no thalidomide for nearly two years, she still complained of paraesthesiae, which she thought had become more intense since stopping the drug. She described her symptoms in the legs as a tight feeling round the base of the toes and a drawing feeling over her ankles. These paraesthesiae were exacerbated by walking.
On examination, there was no abnormality in the cranial nerves or in the motor system. The tendon reflexes were normal except for the ankle jerks which were depressed; the plantar responses were flexor. Distal impairment of superficial sensation extended to the wrist in both upper limbs and to the mid-calf in both lower limbs. Marked hypersensitivity to pin-prick and light touch was present over the soles of the feet and palms of the hands. Appreciation of vibration and joint movement was preserved.
Sural nerve biopsies were carried out in both patients. No significant changes in connective tissue or in the intra-perineural blood vessels were present in either nerve, and no segmental demyelination was found in teased preparations of single fibres (Dr. R. G. Lascelles).
Portions of the transverse sections of the two pathological sural nerves and of the sural nerve from a control subject of similar age are shown at the same magnification in Figure 3 . There appears on first inspection to be a reduction in fibre density in both pathological nerves compared with the control. On quantitative study, the apparent reduction in density was confirmed for the nerve from the alcoholic subject, the mean fibre density being 1 86 (thousand fibres/sq. mm) compared with 5 50 for the control nerve. However, in the nerve from the patient intoxicated by thalidomide, the mean fibre density was 5-02, which is within the normal range. (Fig. 4b ) the large fibre peak has disappeared, the nerve consisting mainly of fibres less than 8 ,u in diameter. It might be thought that this indicates selective loss of large fibres, but further study showed an absolute increase in the number of small fibres compared with the control nerve, presumably due Histograms of fibre diameter of the three nerves are shown in Figure 4 . In the nerve from the alcoholic patient (Fig. 4a) (Fullerton and O'Sullivan, 1968) .
For the present purpose, it is sufficient to conclude that the quantitative studies revealed significant differences between two nerves which might have been expected to show similar pathological changes.
DISCUSSION
In the previous study by Swallow (1966) , the anterior tibial nerve at the site of biopsy was either a single nerve trunk or split into two easily recognizable branches. It was therefore possible to take either the whole nerve trunk or both its branches and to count all the myelinated fibres present. In the present study the radial nerve and the sural nerve were often found to consist of several branches at the level of the biopsy. As only the main branch was taken, figures for the total number of myelinated fibres would have little meaning and have not been given in the present paper.
The presentation of results in the form of fibre density is open to the objection that the results are affected by changes in fascicular area as well as by changes in fibre population. However, there is no reason to believe that the decreasing fibre density, which we have shown to occur with increasing age in the present material, was due to fascicular swelling. In fact, fascicular area showed no significant trend with age. The present results, therefore, suggest that some diminution in fibre numbers occurs with increasing age; a similar trend was demonstrated by Swallow in the case of the anterior tibial nerve on the basis of total fibre counts.
A difference between the arm and the leg has been shown in relation to the proportion of large myelinated fibres. In the anterior tibial nerve there was a significant fall in the proportion of large myelinated fibres with increasing age; in the present study a similar trend has been demonstrated for the sural nerve but not for the radial nerve. It might be suggested that this difference between nerves of the upper and lower limbs is related to the greater susceptibility of the latter to trauma and vascular disease.
There are few figures for fibre density in the radial nerve or the sural nerve available in the literature, and we are not aware of any previous study of the effects of age on fibre diameter and density in these nerves. Dyck, Beahrs, and Miller (1965) and Dyck and Lambert (1966) have published figures for human sural nerves taken from subjects with no evidence of peripheral nerve disease. Their figures were higher than those of the present study, probably due to differences of technique in fixation, staining, and the measurement of fascicular area. Ranson, Droegemueller, Davenport, and Fisher (1935) in a study of human cutaneous nerves showed that in the superficial radial nerve the small diameter peak was at 2-4 ,t, and the large diameter peak was at 8-12 ,u. Only one nerve was examined and fibre density was not calculated. Sunderland, Lavarack, and Ray (1949) and Lavarack, Sunderland, and Ray (1951) studied fibre size in normal human radial and sural nerves and described fibres of slightly larger diameter than any seen in the present work; this difference may be related to the site of nerve section which was proximal in their study . Lavarack et al. (1951) made the specific comment that fibre branching tended to reduce maximal diameter when distal sections of the same nerves were studied.
It may therefore be concluded from our data and from previous studies that comparisons between one set of data and another can only be made when sections have been taken at the same level and processed by the same technique. When a standardized procedure is used, the quantitative study of pathological radial and sural nerve biopsies may be expected to provide clinically useful information of the kind illustrated by the two patients described in the present paper.
SUMMARY AND CONCLUSIONS
The myelinated fibre content of the radial nerve and the sural nerve has been studied in necropsy specimens from subjects between the ages of 17 and 71 years with no history of peripheral nerve disease. Twenty-seven nerves were obtained from 21 subjects for the radial nerve, and 27 nerves were obtained from 23 subjects for the sural nerve. There was a significant fall in fibre density with increasing age in both the radial nerve and the sural nerve.
The fibre diameter spectrum was studied in 17 radial nerves and 16 sural nerves. There was a decrease in the proportion of large diameter fibres with increasing age in the sural nerve, but not in the radial nerve.
Two case histories have been described which illustrate the value of estimating fibre density and fibre diameter in pathological sural nerves.
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